describe the epidemic dynamics. Let g s denote the probability mass function of the 1 0 7 serial interval, e.g., the time from illness onset in a primary case to illness onset in the 1 0 8 secondary case, of length s days, which is given by with the expected values E(c t ;H t-1 ), where E(c t ; H t-1 ) denotes the conditional expected 1 2 5 incidence on day t, given the history of observed data from day 1 to day (t-1), denoted 1 2 6
by H t-1 . Thus, the number of expected newly observed cases is written as follows:
Further, we model the time-dependent variation in the reporting probability.
2 8
This time dependence was modelled by introducing a parameter δ 2 , which is given by
where period 2 and period 3 represents the corresponding periods from the start of our 
where U indicates parameter sets that are estimated from this likelihood.
3 9
Subsequently, the conditional probability of non-infection given residents in 1 4 0
Wuhan City at the time point of t i , p ti , was assumed to follow a binomial distribution, 1 4 1 and the likelihood function is given by:
Where M ti and m ti is the number of government charted flight passengers and 1 4 3 non-infected passengers at the date of t i , respecitively, and p ti is the proportion of the employed an integral equation model in order to estimate the real-time IFR. First, we 1 5 7 estimated the real-time CFR as described elsewhere [15] [16] [17] . For the estimation, we 1 5 8 employ the delay from hospitalization to death, f s , which is assumed to be given by f s = 1 5 9 
where c t represents the number of new cases with reported day t, and D t is the number of 1 6 2 new deaths with reported day t i [2, [8] [9] 18] . We assume that the cumulative number of 1 6 3 observed deaths, D t is the result of the binomial sampling process with probability π . 1 6 4
Subsequently, crude IFR and time-delay adjusted IFR are calculated using the estimated 1 6 5 π and h t .
6 6
The total likelihood is calculated as L=L 1 L 2 L 3 and model parameters were The daily series of 2019-nCoV laboratory-confirmed incidence and 1 7 9 1 8 0 dynamical models yield a good fit to the temporal dynamics (i.e. incidence, cumulative 1 8 1 incidence) including an exponential growth pattern in Wuhan. In incidence data, a few 1 8 2 fluctuations are seen, probably indicating surveillance system likely missed many cases 1 8 3 during the early transmission phase (Figure 1 ). , is estimated to be 0.08 (95% CrI: 0.03-0.21) before January 1 9 2 17 and to be 0.98 (95% CrI: 0.91-1.00) from January 17 to January 20.
9 3
The total number of estimated laboratory-confirmed cases (i.e. cumulative 1 9 4 cases) is 14433 (95% CrI: 12339-15104) and respectively, while the actual numbers of 1 9 5
reported laboratory-confirmed cases during our study period is 14982. Moreover, we 1 9 6
inferred the total number of 2019-nCov infections ( Figure S1 ). Our results indicate that 1 9 7 the total number of infections (i.e. cumulative infections) is 983006 (95%CrI: 759475-1 9 8 1296258).
9 9
The Observed and posterior estimates of the cumulative number of deaths of shown in Figure 2B . Furthermore, Figure 3A and 3B crude CFR is calculated to be 4.06% (Table 1) In this study we derived estimates of the transmissibility and virulence of 2 1 7 2019-nCov in Wuhan City, China, by reconstructing the underlying transmission 2 1 8 dynamics. Applying dynamic modeling, the reproduction number and death risks as 2 1 9 well as probabilities of occurrence and reporting rate were estimated.
0
Our posterior estimates of basic reproduction number (R) in Wuhan City, China 2 2 1 in 2019-2020 is calculated to be as high as 7.05 (95%CrI: 6.11-8.18). The 2 2 2 time-dependent scaling factor quantifying the extent of enhanced public health 2 2 3 intervention on R is 0.46 (95%CrI: 0.39-0.54) and this has declined R to 3.24 (95%CrI: 
3 7
Our most recent estimates of the crude CFR and time-delay adjusted CFR are 2 3 8 at 4.51% (95% CrI: 4.02-5.32%) and 15.93% (95% CrI: 14.60-17.28%), respectively.
3 9
In contrast, our most recent crude IFR and time-delay adjusted IFR is estimated to be 2 4 0 0.07%(95% CrI: 0.05%-0.09%) and 0.23% (95%CrI: 0.17-0.30%), which is several 2 4 1 orders of magnitude smaller than the crude CFR at 4.06%. These findings indicate that 2 4 2 the death risk in Wuhan is estimated to be much higher than those in other areas, which 2 4 3 is likely explained by hospital-based transmission [23] [24] 
4 8
Public health authorities are interested in quantifying R and CFR to measure 2 4 9 the transmission potential and virulence of an infectious disease, especially when 2 5 0 ecological modelling approach. The power of our approach lies in the ability to infer 2 7 4 epidemiological parameters with quantified uncertainty from partial observations 2 7 5 collected by surveillance systems. . CC-BY 4.0 International license It is made available under a author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
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2 9
Black dots shows observed data, and light and dark indicates 95% and 50% credible 4 3 0 intervals for posterior estimates, respectively. Epidemic day 1 corresponds to the day 4 3 1 that starts at January 1 st , 2020. 
